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ABSTRACT 

We describe an extention of the gauge theory of weak 

and electromagnetic interactions to SU(3)@U(l). The extended 

theory naturally insures universality, absence of right-handed 

currents in beta and muon decay, flavor conservation in 

neutral currents, etc.: gives good quantitative agreement 

with observations of neutral currents; and accounts for 

recently observed trimuon events. 

Within the modern unified theory' of weak and electro- 

magnetic interactions, those models based on the SU(2)@U(l) 

gauge group of the original example" stand out for the natural 
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way in which they account for observed general features of the 

weak interactions. The existence of neutral currents 

makes it clear that any successful model must incorporate 

Su(2)CXJ(l) gauge invariance, but it is possible 

that new observations, such as the recently reported high 

energy trimuons, 3 might require SU(2)8U(l) to be embedded 

in a larger gauge group. It would be premature to conclude 

from the limited trimuon data that SU(2)8U(l) must be expanded, 

but it is worth asking how, if this became necessary, it would 

be possible to enlarge the gauge group without losing the 

natural features of the simple SU(2)@U(l) model. We offer an 

example of such a model. 

The gauge group is SU(3)8U(l); the charge is the sum of 

the SU(3) generator $(h3+hg/J3) plus the U(1) generator y. The 

quarks of each color4 and each chirality form y=O triplets with 
2 11 charges '7;, -T,-7, plus y=i 2 singlets with charges 3. In contrast 

to SU(3) theories, the leptons of each chirality form y:z triplets 
A3 

with charges O,- 1,-l, and there are additional left-handed5 

singlets with charge 0. 

In general, each of the quark and lepton fields in such a 

theory would be mixtures of fields corresponding to known and 

undiscovered particles of definite mass. In consequence, the 

couplings of the various neutral intermediate vector bosons 

would generally not conserve strangeness: the charged vector 

bosons would induce right-handed transitions among known 

particles; and universality would be lost in a plethora of 

mixing angles. 6 
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This can be avoided if we assume that the theory is 

invariant under a discrete symmetry R, which leaves gauge 

bosons and right-handed fermions invariant, and changes the sign 

of left-handed fermions. The R symmetry forbids bare fermion 

mass terms, so that the quark and lepton masses must arise from R 

non-invariant vacuum expectation values of scalar fields. 

Another consequence is that, for at least a finite range of 

parameters of the Lagrangian, these vacuum expectation values 

will naturally leave a symmetry RU unbroken, where U is the 

SU(3) transformation represented (in some basis) by a diagonal 

3x3 matrix with elements -l,-l,+l. (This has been checked by 

explicit calculation.) We assume that the vacuum expectation 

values actually are invariant under RU. 

The RU symmetry imposes a distinction between particles 

that are even or odd under RU: Even (odd) quarks and leptons 

appear as the first and second members of left (right)-handed 

triplets, as the third members of right(left)-handed triplets, 

and as right(left)-handed singlets. There is no mixing between 

fermions of different RU-parity. The triplets then take the 

form 

W,d,b')L 

(c' rs,WL 

(ve,e-,E-' IL 

(t’ ,b’ ,a), 

(gt,h',s)R ,etc. 
-1 

(E",E ,e-1, 

(MO’ ,M-’ ,p-), 
(v~J-,T-~‘)~ (T",T-',T-)~ ,etc. 

where primes indicate possible mixing between fermions of the 

same charge, color and RU parity. We will identify the even 
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fermions u,d,c,s,ve,e-,v~,~-,v~,~- with the "known" quarks and 

leptons, with T- responsible for the pe events at SPEAR. 7,S The 

odd fermions b,h,t,g,E- ,E',M-,M',T-,T" are all so far undiscoverd, 

except that M- and MD may be responsible for the trimuon events 3 

at Fermilab. The odd fermion of lowest mass must be absolutely 

stable, but this may be one of the neutral leptons E 0 0 ,M , or To. 

The gauge bosons of this theory consist of an octet Val" 

and a singlet Voli, which interact respectively with the currents 

-$dhpXa$ and -&J'~~Y~J. The RU symmetry then tells us that the 

gauge bosons of definite mass consist of an even charged boson 

W ' = IL (Vl%iV2 'j//2; an odd charged boson U,' = (V4'siV5')/J2; 

two even massive neutral vector bosons which are linear combin- 

ations of 

zF-l = (g2+gt2/3)-% $(nv3'1+v8'1) 
C 

-zc- 
n 

vol-l I 
Yl-l = %(V 3wJv8") ; 

plus two odd massive neutral vector bosons Xl',X2' which are 

linear combinations of V6' and V7'; and the massless photon 

AP = (g2+g'2/3)-4 + g (v3p+v8p/J?') 
I 

. 

The neutral current interactions that involve only "known'(even) 

fermions are mediated by Z and Y; these automatically conserve 

all quark and lepton flavors. The charged-current interactions 

that involve only "known" fermions are mediated by W; these are 

automatically of the V-A type, and satisfy Cabibbo universality. 

To go further, we must say what scalar fields are in the 

theory. The scalar fields which are needed to generate fermion 
2 masses are y=-3 triplets Qi and y=O complex octets Qi, both with 

R=-1. Conservation of RU and charge requires their vacuum 
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expectation values to take the form 

<Qi> = (l) 
There may be other scalars,whose Yukawa interaction with fermions 

is forbidden. For instance, a scalar y=+i triplet with R=l would 

have vacuum expectation values of the form (O,O,v'). If v' were 

much larger than V,a,or b, the theory would effectively revert 

back to a pure SU(2)@U(l); the U and X would be much heavier 

than the W, and just one linear combination of Z and Y would have 

a mass of order m(W). In this case, the M- production in the 

reactions vud+-M-t would be suppressed by a factor (m(W)/m(U))4, 

but this suppression would be unrelated to considerations of 

universality. 

In what follows, we will explore the opposite case, in 

which Qi and Ri are the only scalar fields. ' (We put no limit 

on their number.) In the usual way, 1,2 we find then that the 

vector fields of definite mass are W',W',Z",Yo,Ao, and 

xY = V~~COS 5 + V7psin 4; xzl-l = -Vsusin 2 + V71-1,,s 4 , where 

E is the phase of Ciai *bi. Their masses are now 

m2(U) = m2(W) , m2(Y) = 4R(l+,R)-lm2(W), m2(Z) = $(l-w)-l (l+a)-'m2(W) , 

and m2(X 1 2b2R (l+!L) -1(136)m2(W), where 2J?,=C(lai/2+lbi12)/C/vi[2, 

6=21Tai*b~]/Z(~ai]2+~bi12) dnd w=g'2/(gt2+3g2). The charge of the 

electron here is -g/m/2, and the Fermi constant GF/&? is 

g2 (h-b) I-", so that 

m(W) =[3gFw]' = 7 GeV . 
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It is striking that the odd fermions are much heavier than 

the corresponding even fermions. This observation can be incor- 

porated into our theory by supposing that the Lagrangian has an 

additional approximate discrete symmetry &?, which leaves gauge 

bosons and right-handed fermions invariant, and multiplies the 

left-handed fermion fields and scalar fields with factors -i 

and +i respectively. If &? were exact, it would be natural for 

the vacuum expectation values to preserve invariance under &?dv", 

where +@ is the SU(3) transformation represented by a diagonal 

3x3 matrix with elements +i,-i,+l. The vacuum expectation values 

would then be of the form (l), with b=O. Also, the fi symmetry 

would allow Yukawa couplings which can give masses to odd fer- 

mions, but would forbid couplings which could give masses to 

even fermions. To the extent that fi is a good symmetry of the 

Lagrangian, we expect that Ibi]<<lai[; then even fermions will 

be much lighter than odd fermions, and 6<<1, so that Xl and X2 

should be almost degenerate. 

We now turn to the physical consequences of this theory. 10 

In assessing these, we assume that the @ couplings are subject to 

an additional discrete symmetry in such a way as to forbid mixing 

among b and h, or E-, M- and T-. 

(1) The KzKi mass difference contains a dLsL+ELdL term proportional 

to G~(m~-m~)sin20cos28, and a a s -ts d R R R R term proportional to 

GF 2(mt2-mg2) sin20fcos201, where 8 is the Cabibbo anglep and 

eV is its analog for t and g. The second term must be at most 

of the same order of magnitude as the first. 
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(2) We have compared the predictions of this theory with experi- 

mental data on deep inelastic neutral current reactions, elastic 

VET) and vup scattering, and v e,ip.z, v’,e sca-Lz-k+ering, and fina 
1-I 

a good fit to all data for II and w both in the neighborhood, 

of 0.2. If, for illustration, we take R=w=0.2 and S=O, the 

intermediate vector boson masses are m(F7)=m(U) = 100 GeV, 

m(Z) = 115 GeV, m(Y) = 80 GeV, and ~l(Xl,~) * 55 GeV. The 

electron interacts with nuclei through both Z and Y exchange. 

Y exchange is parity conserving, and the EeZ coupling is pure 

vector, so the parity violation is not enhanced in heavy atoms. 

(3) The transitions ~.lf-tM+X make a contribution to the gyro- 

magnetic ratio of the muon of order fiG m m F 1-I M (rcj/lIIx)26/x-2. In 

order to keep this contribution within experimental limits, we 

must have 6<1O-l (mutatis mutandis for the electron), This is in 

accord with our expectations based on fi symmetry-e would anti- 

cipate that 6 should be of order mu/m _ Or mJyl 
-2 , or roughly 10 - 

M 
(4) We have not assumed muon conservation. If E',M' and To 

mix, then the process v-tey will occur in much the same manner 

as described by Cheng and Li, 11 with no "left-right" terms. 12 For 

~7 100 GeV, 7 ana the heavles~t of EoIMo and-To with a mass of about ym - 

4 GeV, the expected branching ratio for p+ey tiuld be ~1.4~10-1~. 

(5) We also have not assumed CP conservation. If CP is violated 

in the Lagrangian or is spontaneously broken, we would expect 

nonvanishing values for phases in fermion mixtures and for the 

mixing angle E, There would still be no CP violation in first- 

order W,U,Z or Y exchange, but X exchange may produce a first- 
- -- + 

order CP violation in processes like E +e 5-1 M . The imaginary 

part of the I$Ri mass difference arises in order GF2 from the 
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process sd+U+U-+&; for mt2-mg2 2 2 of order mc -mu and 8' of order 

8, we find that CP violating phases must be of order 10w3. This 

theory does not explain why these phases are so small. The 

transition d++b+X gives the neutron an electric dipole moment of 

order eGFmb$6Tr -2 , where $ is a typical CP violating phase. With 

mb=5 GeV, rS"10w2, and $I of order 10e3, we expect an electric 

dipole moment of order 10 -24 e cm. 

(6) This model does not contain a $uH current which could 

explain the reported high y anomaly 13 in 3N reactions. However, 

the production of heavy leptons and quarks by v and 3 expected 

in this model would greatly complicate the interpretation of 

these experiments. 

(7) The M- can be produced in \)UN collisions14 by the process 

v,,d+M-t; the u-u-u+ trimuons can then be produced by the decay 

chains M-+V,$$,U-, Fy&+r-?; 0 , r-wp-v " IJ' or M--+~uM"~-, 

MO+p-IJS.EO, etr . Counting M- decay channels, 

we estimate that the total probability oflJ-p-F;+ production in 

M-decay ranges up to 48. 15 Also, M- proauction is suppressea by 

phase space and the right--handed d-tcoupling, by a factor of 

about 0.03, 16 so the over-all probability of high-energyp-p-p+ 
_ :‘ 

production in VAN collisions at Fermilab could be as large as 10 - 

It is a specific prediction of this theory that the trimuon 

events are accompanied with production of the t-quark. 

The combined gauge group SU(3)BU(l)dSU(3) of weak, electro- 

magnetic, and strong interactions allows a promising unification 

in the simple group SU(G), with fermions in representations 1. 

and g. This will be dealt with in a future communication. 
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We have benefited from discussions with C.H. Albright, 

R.M. Barnett, J.D. Bjorken, D. Cline, G. Feldman, F. Gilman, 

A.K. Mann, M. Perl, C. Quigg and especially R.E. Shrock. 
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"Elementary Particle Physics" edited by N. Svartholm (Almquist 

and Wiksells, Stockholm, 1968), p 367. 
3 A. Benvenuti, et al., FHPRW 77/l (to be published); FHPRW 77/2 
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Kate added: 

After completion of this paperr we became aware of the 

work of G. Segre and J. Weyers, Phys. Lett. 65B, 243 (1976). 

(We thank F. Wilczck for calling this paper to our attention.) 

There are several similarities between their work and ours, 

e+, the use of a discrete symmetry to make the symmetry 

breaking pattern natural. However, their model is different 

from ours in a number of important respects. Their model 

contains only fermion triplets and is strictly vectorlike; 

their discrete symmetry corresponds to our JR; and they assume 

the limit la/<<lv'I with b=v=O. In consequence, the 

phenomenological implications of the two models are quite 

different. 


